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TABLE 1:  DATA QUALITY OBJECTIVES FOR CULLINAN RANCH SAMPLING 

STEP 1:  State the Problem 
• Potential release of metals and pesticides occurred as a result of agricultural practices  
• The preacquisition survey reported elevated levels of barium, copper, nickel, and zinc in at least one of 

four areas at Cullinan Ranch and identified arsenic, mercury, and selenium as data gaps.  The 1990 
survey also detected elevated concentrations of DDT and DDD in the Farmyard area at Cullinan Ranch.  
Current restoration plans do not include placing clean dredge materials on the surface of the site. 

• Surface concentrations may be at levels that pose ecological risk. 
STEP 2:  Identify the Decisions 

• Are concentrations of metals in sediment at the site above ecological or ambient criteria? 
• Are concentrations of pesticides in sediment at the Farmyard area above ecological or ambient criteria? 

STEP 3:  Identify Inputs to the Decisions 
• Grab sediment samples analyzed for total metals and pesticides. 
• Ecological and ambient criteria  
• Professional judgment regarding detection frequency and co-occurrence, magnitude of concentrations, 

spatial distribution and toxicological effects. 
STEP 4:  Define Study Boundaries 
The spatial boundaries for proposed investigation areas: 

• Cullinan Ranch Site:  0 to 0.25 feet bgs and > 0.5 feet bgs 
• Farmyard:  0 to 0.25 feet bgs and > 0.5 feet bgs 
• Pole Barn:  0 to 0.25 feet bgs and > 0.5 feet bgs 
• East Pond:  0 to 0.25 feet bgs and > 0.5 feet bgs 
• West Pond:  0 to 0.25 feet bgs and > 0.5 feet bgs 

The temporal boundary of the investigation is latter part of 2003 dry season. 
STEP 5:  Develop Decision Rules 
Depending on the detected concentrations and reference values for each chemical, elevated chemical 
concentrations in sediment in an area will be based on: 

• If concentrations of metals and pesticides were detected, then a potential release has occurred. 
• If concentrations of a chemical exceed ecological or ambient criteria, then the site may pose 

unacceptable risk to the environment.  
• If frequency of detections is greater than 10 percent, then the site may pose unacceptable risk to the 

environment.  
• If detected chemical concentrations co-occur, then the site may pose unacceptable risk to the 

environment. 
• If detected concentrations occur throughout the site, then the site may pose unacceptable risk to the 

environment.    
• If the toxicological effects of detected concentrations are severe, then the site may pose unacceptable 

risk to the environment. 
STEP 6:  Specify Tolerable Limits on Decision Errors 

• Because a statistical evaluation is not defendable based on the number of samples taken, it is not 
possible to specify quantitative limits for Type I and Type II decision errors. 

• Limits on decision error are affected by analytical errors.  Errors inherent in sampling and analytical 
methods assessed using established quality assurance/quality control goals. 

• Project-required reporting limits are specified in Table 3. 
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TABLE 1:  DATA QUALITY OBJECTIVES FOR CULLINAN RANCH SAMPLING 


STEP 7: Optimize the Sampling Design 
•	 The sampling locations will be identified based on results from the previous report and best professional 

judgment. Sample locations will attempt to maximize the spatial extent 
•	 Surface samples will be collected from 18 locations at two depths per location (0 to 3 inches and greater 

than 6 inches below sediment surface). 
•	 Sediment samples will be analyzed for total metals and pesticides. Based on the previous survey 

results, pesticides will only be analyzed in samples collected from the Farmyard Area. 

Notes: 

bgs Below ground surface 
DDD Dichlorodiphenyldichloroethane 
DDT Dichlorodiphenyltrichloroethane 
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TABLE 3: SEDIMENT SCREENING VALUES 


ANALYTE 

Coastal Sediments (mg/kg) Wetlands Sediments (mg/kg) 
SF Bay 

Ambient a ER-L b,c ER-M b,c Surface 
Material 

Foundation 
Material 

METALS 
ANTIMONY 2 c 25 c 

ARSENIC 15.3 8.2 b 70 b 15.3 70 
CADMIUM 0.33 1.2 b 9.6 b 0.33 9.6 
CHROMIUM 112 81 b 370 b 112 370 
COPPER 68.1 34 b 270 b 68.1 270 
LEAD 43.2 46.7 b 218 b 43.2 218 
MERCURY 0.43 0.15 b 0.71 b 0.43 0.7 
NICKEL 112 20.9 b 51.6 b 112 120 
SELENIUM 0.64 0.64 NA 
SILVER 0.58 1 b 3.7 b 0.58 3.7 
ZINC 158 150 b 410 b 158 410 
PESTICIDES 
4,4'-DDD 0.002 c 0.02 c 

4,4'-DDE 0.0022 b 0.027 b 

4,4'-DDT 0.001c 0.007 c 

CHLORDANE 0.00044 0.0005 b 0.006 b 

DIELDRIN 0.00044 0.00002 c 0.008 c 0.00072 0.0043 
ENDRIN 0.00078 0.00002 c 0.045 c 

GAMMA-BHC (LINDANE) 
HEPTACHLOR EPOXIDE 
TOTAL DDT .007 0.00158 b 0.0461 b .007 0.0461 

Notes: 

a 
Regional Water Quality Control Board. 1998. Ambient Concentrations of Toxic Chemicals in Sediments. April. 

b 
Long, E.R., D.D. MacDonald, S.L. Smith and F.D. Calder. 1995. Incidence of adverse biological effects within ranges of chemical concentrations 
in marine and estuarine sediments. Environmental Management. 19: 81-97. 

Long, E.R. and L.G. Morgan. 1990. The potential for biological effects of sediment-sorbed contaminants tested in the National Status and 
Trends Program. Technical Memorandum NOS OMA52. National Oceanic and Atmospheric Administration, Seattle, WA. 

ER-L Effects range-low 
ER-M Effects range-median 
mg/kg Milligrams per kilogram 
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TABLE 6: SUMMARY OF METAL RESULTS
 

Minimum Maximum 

Concentration Concentration Number of Number of Detection 

Compound (mg/kg) (mg/kg) Nondetects Detects Frequency 

Pole Barn Area 

Aluminum 10,000 16,000 0 10 10/10 
Antimony NA NA 10 0 0/10 
Arsenic 7 9.1 8 2 2/10 
Barium 31 150 0 10 10/10 
Beryllium 0.39 0.60 1 9 9/10 
Cadmium 0.23 0.23 9 1 1/10 
Calcium 2,500 24,000 0 10 10/10 
Chromium 24 34 0 10 10/10 
Cobalt 4 23 0 10 10/10 
Copper 36 53 0 10 10/10 
Iron 20,000 36,000 0 10 10/10 
Lead 7.3 29 1 9 9/10 
Magnesium 4,500 7,800 0 10 10/10 
Manganese 97 1,500 0 10 10/10 
Mercury 0.086 0.16 0 10 10/10 
Molybdenum NA NA 10 0 0/10 
Nickel 28 46 0 10 10/10 
Potassium 760 2,100 0 10 10/10 
Selenium 0.19 0.82 10 0 0/10 
Silver NA NA 10 0 0/10 
Sodium 70 190 0 10 10/10 
Thallium 1.3 1.3 9 1 1/10 
Vanadium 29 47 0 10 10/10 
Zinc 47 1,500 0 10 10/10 
Farmyard Area 

Aluminum 10,000 27,000 0 12 12/12 
Antimony NA NA 12 0 0/12 
Arsenic 4.8 16 0 12 12/12 
Barium 34 1,300 0 12 12/12 
Beryllium 0.50 0.57 8 4 4/12 
Cadmium 0.021 0.82 3 9 9/12 
Calcium 1,400 6,400 0 12 12/12 
Chromium 12 77 0 12 12/12 
Cobalt 8.8 56 0 12 12/12 
Copper 8.1 64 0 12 12/12 
Iron 180 9,200 0 12 12/12 
Lead 6.7 110 2 10 10/12 
Magnesium 4,200 9,200 0 12 12/12 
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TABLE 6: SUMMARY OF METAL RESULTS (Continued) 

Minimum Maximum 

Concentration Concentration Number of Number of Detection 

Compound (mg/kg) (mg/kg) Nondetects Detects Frequency 

Farmyard Area (Continued) 

Manganese 180 480 0 12 12/12 
Mercury 0.056 0.24 1 11 11/12 
Molybdenum NA NA 12 0 0/12 
Nickel 28 220 0 12 12/12 
Potassium 940 4,300 0 12 12/12 
Selenium NA NA 12 0 0/12 
Silver NA NA 12 0 0/12 
Sodium 910 21,000 0 12 12/12 
Thallium NA NA 12 0 0/12 
Vanadium 20 150 0 12 12/12 
Zinc 84 310 0 12 12/12 
East Pond Area 

Aluminum 20,000 24,000 0 6 6/6 
Antimony NA NA 6 0 0/6 
Arsenic 6.6 9.8 3 3 3/6 
Barium 30 51 0 6 6/6 
Beryllium 0.23 0.53 3 3 3/6 
Cadmium NA NA 6 0 0/6 
Calcium 1,200 2,500 0 6 6/6 
Chromium 61 72 0 6 6/6 
Cobalt 6.9 11 0 6 6/6 
Copper 25 42 0 6 6/6 
Iron 31,000 47,000 0 6 6/6 
Lead 6.7 31 0 6 6/6 
Magnesium 7,100 13,000 0 6 6/6 
Manganese 150 470 0 6 6/6 
Mercury 0.055 0.22 0 6 6/6 
Molybdenum 1.2 1.7 4 2 2/6 
Nickel 38 50 0 6 6/6 
Potassium 2,900 4,200 0 6 6/6 
Selenium NA NA 6 0 0/6 
Silver NA NA 6 0 0/6 
Sodium 2,400 16,000 0 6 6/6 
Thallium NA NA 6 0 0/6 
Vanadium 56.0 69.0 0 6 6/6 
Zinc 49.0 66.0 0 6 6/6 
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TABLE 6: SUMMARY OF METAL RESULTS (Continued) 

Minimum Maximum 

Concentration Concentration Number of Number of Detection 

Compound (mg/kg) (mg/kg) Nondetects Detects Frequency 

West Pond Area 

Aluminum 15,000 19,000 0 10 10/10 
Antimony NA NA 10 0 0/10 
Arsenic 9.8 14 0 10 10/10 
Barium 34 49 0 10 10/10 
Beryllium 0.26 0.6 0 10 10/10 
Cadmium NA NA 10 0 0/10 
Calcium 1,100 3,900 0 10 10/10 
Chromium 57 66 0 10 10/10 
Cobalt 7.5 16 0 10 10/10 
Copper 27 34 0 10 10/10 
Iron 27,000 36,000 0 10 10/10 
Lead 10 17 0 10 10/10 
Magnesium 6,600 18,000 0 10 10/10 
Manganese 170 790 0 10 10/10 
Mercury 0.098 0.18 0 10 10/10 
Molybdenum NA NA 10 0 0/10 
Nickel 40 68 0 10 10/10 
Potassium 2,600 4,300 0 10 10/10 
Selenium NA NA 10 0 0/10 
Silver NA NA 10 0 0/10 
Sodium 1,800 31,000 0 10 10/10 
Thallium NA NA 10 0 0/10 
Vanadium 62 74 0 10 10/10 
Zinc 53 78 0 10 10/10 
Cullinan Ranch 

Aluminum 10,000 27,000 0 38 38/38 
Antimony 0 0 38 0 0/38 
Arsenic 4.8 16 11 27 27/38 
Barium 30 1,300 0 38 38/38 
Beryllium 0.23 0.6 12 26 26/38 
Cadmium 0.02 0.82 28 10 10/38 
Calcium 1,100 24,000 0 38 38/38 
Chromium 12 77 0 38 38/38 
Cobalt 4.4 56 0 38 38/38 
Copper 8.1 64 0 38 38/38 
Iron 180 47,000 0 38 38/38 
Lead 6.7 110 3 35 35/38 
Magnesium 4,200 18,000 0 38 38/38 
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TABLE 6: SUMMARY OF METAL RESULTS (Continued) 

Minimum Maximum 

Concentration Concentration Number of Number of Detection 

Compound (mg/kg) (mg/kg) Nondetects Detects Frequency 

Cullinan Ranch (Continued) 

Manganese 97 1,500 0 38 38/38 
Mercury 0.055 0.24 1 37 37/38 
Molybdenum 1.2 1.7 36 2 2/38 
Nickel 28 220 0 38 38/38 
Potassium 760 4,300 0 38 38/38 
Selenium 0.19 0.82 38 0 0/38 
Silver 0 0 38 0 0/38 
Sodium 70 31,000 0 38 38/38 
Thallium 1.3 1.3 37 1 7/38 
Vanadium 20 150 0 38 38/38 
Zinc 47 1,500 0 38 38/38 

Notes: 
mg/kg Milligrams per kilogram 
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